The Carpathians belong to the European Alpine system, which was formed during the convergence and collision of the European and African plates. The study area, which comprises the Magura and Silesian nappes of the Outer Western Carpathians, were the locations of intensive folding and nappe transport during the Tertiary. There are a number of models depicting the changes in shapes and positions of the original sedimentary basins as a consequence of the above processes. However, it is this study that provides the first palaeomagnetic constraints for reconstructing the displacement history of the Silesian and Magura nappes during Tertiary.
I N T RO D U C T I O N
The Carpathians belong to the European Alpine system, which was formed during the convergence and collision of the European and African plates. Diachronous collision of the two plates started in the Upper Jurassic and has continued to the Present. Fragments of continental blocks between the two plates were displaced and rotated in the process of collision. In the Carpatho-Pannonian region ( Fig. 1 ) two major continental blocks are recognized, ALCAPA, which is an Eastern Alpine-Western Carpathian-North Pannonian megatectonic unit and Tisza-Dacia (e.g. Csontos 1995) . The two megatectonic units are usually regarded as microplates during Tertiary tectonic processes that suffered counterclockwise (CCW) (ALCAPA) and CW (Tisza-Dacia) rotations, respectively, up to 90
• . The two megatectonic units are separated by a zone of important strike-slip movements also during the Neogene (e.g. Fodor et al. (afterŻytko et al. 1989; simplified) with the palaeomagnetic sampling localities (M 1-34, S 1-23). The geological boundary between Western and Eastern Outer Carpathians (after Gucik et al. 1973 ) is shown in dashed line. 1998). Similarly, high mobility characterizes the Outer Carpathians (which comprise several nappes) during the Tertiary, but here the dominant mechanism was compression (folding plus nappe transport). This process resulted in considerable shortening compared to the original width of sedimentary basins of the Western Outer Carpathians (e.g. Nemčok et al. 2000) . This is the subject of this study in which the term Western Outer Carpathians applies to the whole study area, despite the fact that it comprises also the westernmost part of the Eastern Outer Carpathians (Fig. 2) . There are different opinions concerning the original shape and place of the sedimentary basins. The palaeogeographic reconstructions for the Late Cretaceous by, for example Ksiązkiewicz (1977) or Oszczypko (2006) depict the Western Outer Carpathian flysch basins as slightly arcuate depositional areas, situated SW with respect to their present place and also oriented differently from their present orientation. Their reconstruction for the end-of-Oligocene shows the Western Outer Carpathians as a north convex arc that is close to the southern margin of stable Europe. The implication is that the flysch basins must have rotated CCW during the Palaeogene. The endof-Oligocene situation was similarly depicted by Nemčok et al. (2000) . Contrary opinions were expressed, for example by Picha et al. (2005) suggesting that the flysch basins were rectilinear until Late Oligocene times. Mastella & Konon (2002) argue that the present day arcuate shape of the Silesian nappe (one of the units studied here) results from a tectonic bending of the Silesian basin involving CCW and CW rotations in the western and eastern parts, respectively.
A common feature of the palaeogeographic reconstructions, including those cited above, is that practically no arguments are presented for the general positions and/or the original shapes of the nappes, which now form the accretionary wedge of the Western Outer Carpathians. One reason may be that kinematic constraints, such as palaeomagnetic directions were not available for the Tertiary of the Western Outer Carpathians, except for a single locality (Krs et al. 1982) . This study aims at establishing such constraints for the whole Polish segment of the Magura nappe-the most internal nappe of the accretionary wedge-and for the Czech and Polish parts of a more external Silesian nappe.
G E O L O G I C A L S E T T I N G
The Outer Carpathians are north-verging, north-convex, arcuate thrust-and-fold belts comprising several rootless nappes, composed largely of lower Cretaceous to lower Miocene flysch (Fig. 2) , which build-up an accretionary wedge. The wedge is about 70-80 km wide on the surface and vertically reaches down to 15-20 km in its southern, deepest part (Tomek & Hall 1993) , although more recent deep seismic soundings (Środa et al. 2006) suggest that the wedge is only 10 km thick. In traditional view, the wedge started to form in the Oligocene (Pescatore &Ślaczka 1984; Roca et al. 1995; Oszczypko 2006) , due to the southward subduction of the European plate below ALCAPA (Tomek & Hall 1993) . More recently, synsedimentary deformation studies (Świerczewska & Tokarski 1998) suggested that deformation in the Magura nappe started in the Eocene and similar conclusion was reached from balanced cross-sections Nemčok et al. (2006) . The accretionary wedge was thrust over the Miocene fill of the Carpathian Foredeep (Oszczypko 2006) . The Magura and Silesian nappes, the main targets of these studies, extend along the whole studied segment of the Outer Carpathians. Both nappes show arcuate north-convex shapes with map-scale overthrusts (e.g. Zytko et al. 1989) and folds (Szczęsny 2003) trending sub-parallel to the basal overthrusts of the nappes. Several small Miocene andesitic intrusions cut the innermost part of the Magura nappe (e.g. Birkenmajer & Pécskay 2000) . To the south, the Outer Carpathians are separated from the Inner Carpathians by the Pieniny Klippen Belt, a narrow zone of extreme shortening and wrenching (Birkenmajer 1986) . Pieniny Klippen Belt was folded twice-during late Cretaceous and early Miocene times.
The internal structure of the Western Outer Carpathian nappe system is built up of several nappes (and slices within the nappes). In the innermost Magura nappe, Upper Cretaceous-Eocene flysch predominates with a stratigraphic thickness of 2.3-2.5 km in the northern and 3.0-3.5 km in the southern part (e.g. Ksiązkiewicz 1977 ). The Magura nappe was uprooted from its substratum and thrust over the Dukla nappe and its equivalent units; the two together being thrust upon the Silesian nappe in the central part of the Western Outer Carpathians. Within the Silesian nappe, there is an increase of the total thickness toward the east, from 2.5 km in the Czech part to 5-7 km close to the Ukrainian boundary (e.g. Ksiązkiewicz 1977) . Also, the western part is dominated by Upper Cretaceous, the eastern segment by Oligocene (locally even Lower Miocene) turbidites (Żytko et al. 1989) . In Poland, the western and eastern parts of this nappe (the Dunajec River valley about longitude 21
• , is the dividing line) are characterized by different styles of deformation (Ksiązkiewicz 1977) . The western part exhibits block tectonics manifested in flat thrust slices, which are laterally terminated by strike-slip faults, and the trend of the map-scale folds is irregular. East of the Dunajec River valley foldtectonics is dominant: the trends of the map-scale folds are regular (except for the easternmost part) and continue for several tens of kilometres.
The nappe stacking took place in two successive stages during which tectonic transport was directed toward the NW and toward the NE, respectively (Aleksandrowski 1985; Zuchiewicz et al. 2002; Tokarski et al. 2006) . During the second stage, the first stage folds were partly refolded and overprinted by the second stage folds (Aleksandrowski 1985) whereas in the westernmost part of the Outer Carpathians some of the NE-striking thrust of the first shortening event were reactivated as sinistral strike-slip faults (Fodor et al. 1995) . The angle between the two successive directions of tectonic transport in the eastern part of the studied region (Zuchiewicz et al. 2002) computed on data from 44 exposures amounts to 60
• . The mean value of this angle measured in 10 exposures in the western part of the region is 57
• . The succession of the differently directed stages of tectonic transport was interpreted by either CW far field stress rotation (Aleksandrowski 1985) or CCW body rotation (taking into account the already available preliminary palaeomagnetic data from the Magura nappe) of the Outer Carpathians (Zuchiewicz et al. 2002; Tokarski et al. 2006) .
In traditional view, the age of completing of the nappe stacking has been considered to be gradually younger when proceeding eastward along the Western Carpathians (Uhlig 1903; Sawicki 1909; Alexandrowicz 1964; Jiříček 1979; Nemčok 1993 and references therein), from 14.5 Ma at the westernmost part, to 12 Ma at the easternmost part (Nemčok 1993) . This interpretation stems solely from the age of the youngest Miocene strata in the Carpathian Foredeep that were thrust over by the Carpathians. However, the recent discovery of Pannonian strata, less than 11.5 Ma old, overthrust by the Outer Carpathian nappes in the Andrychów area (Wójcik & Jugowiec 1998 , Wójcik et al. 1999 contradicts this conjecture and implies that the final episode of thrusting, possibly affecting the whole of this segment of the Outer Carpathians must have occurred during or after the Pannonian (<11.5 Ma). Subsequently, the Outer Carpathians underwent regional collapse resulting in formation of intermountain depressions filled by Neogene and Quaternary sediments (Zuchiewicz et al. 2002 and references therein) . Some of the tectonic features formed during the nappe stacking and subsequent regional collapse were reactivated during Quaternary times (Tokarski at al. 2007 ).
Palaeomagnetic sampling
From the Magura nappe fine-grained members (preferably claystones) of the Upper Eocene-Oligocene flysch sequence were sampled at 34 localities (300 samples) which practically cover the Polish segment of the nappe (Fig. 2 , localities with code M). In the Silesian nappe, sampling was concentrated on the Krosno beds of Oligocene (in the east these included a single Early Miocene locality, S19) age, since they outcrop at several places along the arc and have favourable lithological properties for palaeomagnetic as well as magnetic anisotropy investigations. Eventually, a total of 254 samples were collected from 23 localities of the Krosno beds (Fig. 2 , localities with code S), 21 from the Silesian nappe proper and two from the neighbouring Dukla and Subsilesian nappes (Fig. 2, S2 and S4), both from the western segment of the Outer Western Carpathians, where only a limited number of outcrops of the Krosno beds are available.
The main targets were fresh, mostly dark grey claystones, but siltstones and subordinate fine-grained sandstones were also collected when they were visibly unaltered. Wherever possible, beds with moderate tilts were chosen, but on two occasions (S3 and S19) the beds were steeply inclined or even overturned. For each sampled bed, the azimuth and angle of the tilt was recorded. The samples were drilled with a portable drill and oriented in situ with a magnetic compass.
Laboratory investigations
The samples were cut into standard-size specimens and the natural remanent magnetization (NRM) of each specimen was measured using JR-4 spinner magnetometers. Next, the anisotropy of the lowfield magnetic susceptibility (AMS) was measured with KLY2 kappabridge (AGICO, Brno, Czech Republic). Subsequently, at least one specimen per sample was subjected to either stepwise alternating field or thermal demagnetization (occasionally the two methods were combined) till the NRM signal was lost. The alternating field demagnetizer was a LDA-3A instrument (AGICO) and for thermal demagnetization a TSD-1 demagnetizer (Schonstedt) was used. When the cores were long enough to provide sister specimens, both methods were tried. As the Carpathian flysch contains a considerable amount of pyrite, which decomposes around 400
• C (and which is detected by dramatically increased susceptibility accompanied by instability of the NRM signal), AF method was often more efficient than thermal. The presence of pyrite, in addition to the magnetite, which is the carrier of the NRM, is evidenced also by the mag- Figure 3 . Examples of IRM acquisition, the behaviour of the three component IRM (Lowrie 1990 ) on stepwise thermal demagnetization and the susceptibility monitored during heating in the Magura nappe (PL 526B sandstone and PL 815 marl) and in the Western (CZ 274 marl), in the Central (PL 931A marl) and in the Eastern (PL 922A marl and PL 1098A silt) segments of the Silesian nappe. The components of the IRM were acquired in fields of 1T (squares), 0.36T (dots) and 0.12T (circles), respectively. netic mineralogy experiments (Fig. 3) , which included isothermal remanence acquisition (IRM) experiments followed by the stepwise thermal demagnetization of the three-component IRM (method by Lowrie 1990) . It is interesting to note that the combination of magnetite and pyrite characterizes all samples, no matter if the NRM is unstable or stable, and in the latter case, independently of the age of the magnetization with respect to the folding (discussion see in the chapter Discussion of the palaeomagnetic results).
As the low field susceptibilities were in the range of 10 −4 SI (locality mean susceptibilities vary from 1.0 to 2.2 × 10 −4 SI) where the contribution from paramagnetic minerals is considerable, the anisotropy of the anhysteretic remanence (AARM) was also studied on representative sites. The AARM experiments were carried out with an LDA-3A/AMU-1A instrument (AGICO) exposing the sample to an AF peak field of 80 mT and a DC field of 50 μT. The acquired remanence was measured with JR5A magnetometer (AGICO) and the specimens were demagnetized after each step-pair (parallel and antiparallel) of magnetization in an AF field of 100 mT. The AARM tensor was determined from the anhysteretic remanence (ARM) acquired in 12 directions. The AARM experiments served to reveal the ferrimagnetic fabric, which might be different from the AMS fabric, both in intensity and orientation.
R E S U LT S
The demagnetization experiments included the demagnetization of the NRM of a specimen in increments in alternating field or by heating and cooling the specimens in a shielded oven and the measurement of the remaining NRM signal after each step, plus the monitoring of the magnetic susceptibility, when thermal demagnetization was employed. As the samples were always fresh and grey and the magnetic mineral was magnetite, AF method was more often used than thermal because the decomposition of the always present pyrite made the re-measurement of the NRM difficult above 400-450
• C. However, for the samples from locality M3 (red marl) the thermal method was absolutely needed to achieve full demagnetization (Fig. 4 , specimen 806). The demagnetization experiments were followed by the analysis of the demagnetization curves for linear segments (Kirschvink 1980) and the directions of the characteristic magnetizations for each locality were calculated from the relevant segments. It is worth mentioning that apart from a few cases (such examples are specimens Pl 806, Pl 995 and Cz 267B in Figs 4 and 5, respectively), the remanence overprinting the characteristic magnetization had such weak resistance to demagnetization that it was removed at a very early stage of the treatment (see e.g. Pl 924A, Pl 1068A, Pl 49 and Pl 845 in Figs 4 and 5).
The samples from the two nappes behaved differently on demagnetization. Part of the samples from the Magura nappe (results tabulated in Table 1 ) exhibited fairly good behaviour (Fig. 4) , whereas the NRM of other samples was so unstable that linear segments could not be defined (this behaviour characterized localities tabulated in Table 2 ). This is why a large proportion of localities had to be rejected (Table 2 ) and some samples had to be excluded from the calculation of the locality mean directions (Table 1 , where the number of collected samples is larger than the number used for statistical evaluation). In contrast, most samples from the Silesian nappe were fairly stable on demagnetization (Fig. 5 ) and only two localities failed to yield statistically acceptable results (Table 3 ).
An important feature of the data tabulated in Tables 1 and 3 is that the directions of the characteristic magnetizations before tilt corrections always depart from that of the present Earth magnetic field and also from the direction expected in a stable European framework for the centre of the study area and for the time of the formation of the studied flysch deposits (between 30 and 40 Ma, the expected declination is 7
• , the inclination is 62
• , calculated from Besse & Courtillot 2002) . Among the tabulated palaeomagnetic directions there are a few (S6, S11, S14, S21, S23, from the Silesian, M3 from the Magura nappe) with larger α 95
• than 16
• , the limit recommended by Van der Voo (1993) . However, they are still valuable when overall-mean palaeomagnetic directions are computed (next chapter).
AMS measurements revealed that the degree of anisotropy (k max /k min ) is generally less than 5% in both nappes (minimum 3.3%, maximum 9.8%, these values were measured for the siltstone at locality S5 and for the marl at locality S19, respectively). The susceptibility ellipsoids are oblate, that is the magnetic fabric is dominantly foliated (Fig. 6a) . On tilt correction foliation poles generally become near-vertical (before tilt correction they are scattered). The angle between bedding pole and magnetic foliation pole is always <10
• , which indicates that the foliation is of sedimentary/compaction origin (Tarling & Hrouda 1993) . However, two localities from the Magura nappe behave differently; the foliation poles become horizontal, not vertical, on tilt correction, indicating tectonic overprint. The degree of foliation (k inter /k min ) is variable, usually higher in marls than in silt or sandstones (Fig. 6b) , but lineation (k max /k inter ) is practically independent of lithology and is always below 1.4%.
Apart from the above common features, there are important differences between the two nappes. There are seven localities from the Magura nappe where maximum and intermediate directions are scattered at locality level, although they are fairly well-grouped for the rest. The localities from the Silesian nappe are characterized by tightly clustering lineation directions, even if the degree of lineation is low (Fig. 7) . This is well reflected in the statistical parameter E12 (the angle of confidence for the maximum and intermediate AMS direction in the plane of foliation) when the number of samples is ≥6 (Table 4) , which is the threshold to the validity of the statistical method by Jelínek (1978) .
The degree of the AARM, measured for six representative localities (two for each of the segments of the Silesian nappe) varies between 3 and 24%, the fabric is either undefined or dominantly foliated with mostly near-vertical minima in tilt corrected coordinates (Fig. 8) . The ARM lineation degree is between 0.3 and 4.5%. Lineation directions exhibit different degrees of grouping, from fairly good to scattered.
Discussion of the palaeomagnetic results
The locality mean palaeomagnetic directions for the Magura nappe (Table 1) are distributed along the whole moderately arcuated Polish segment of the nappe. The inclination only test carried out on them shows a much larger scatter after (k s ) than before (k g ) tilt corrections (k s /k g = 0.29). Not surprisingly after the negative inclination only test, syn-tilting Fisher analysis confirmed the negative influence on the grouping of the tilt corrections (Table 5 and Figs 9a and b). As the best k-statistics is observed at -13% unfolding, the Magura flysch must have acquired the palaeomagnetic signal after folding.
Some localites from the Magura nappe (Table 1) are from the western, others from the central, whereas there are some which are from the eastern part of the nappe (Fig. 2) . As the formation of the Carpathian arc is thought to follow the folding, it is interesting to compare the overall-mean palaeomagnetic directions from the respective segments (Table 4) , even if the remanence was essentially acquired after folding. Such comparison shows that the three palaeomagnetic directions, before tilt corrections, are statistically indistinguishable (Fig. 9c) .
The localites from the Silesian nappe were sampled so that they should represent the western, the central and the eastern segments of the arcuated nappe, respectively (Fig. 2) . Before tilt corrections, the overall-mean palaeomagnetic directions for each segment are similar to the overall-mean palaeomagnetic direction calculated for the Magura nappe, also before tilt corrections. However, α 95 is smaller for the latter than for any of the three segments of the Silesian nappe. When tilt corrections are applied the cluster of the palaeomagnetic directions considerable improve for the western and central segments of the Silesian nappe (Figs 10a-d) and have the same effect on localities S16, S17 and S24 from the eastern segment, which are of reversed polarities. However, the locality mean directions of normal polarities from the same segment exhibit considerably larger scatter after than before tilt corrections (Figs 10e and f) .
Syn-tilting Fisher analysis shows that the grouping of the palaeomagnetic locality mean directions reaches maximum around 100% for the western and central segments. The exact number depends on the number of localities involved in the test, which was carried out first for all tabulated localities of the respective segment Table 1 . Magura nappe, summary of locality mean palaeomagnetic directions, based on the results of principal component analysis (Kirschvink 1980 (Fisher 1953 ). * Omitted from further evaluation as an outlier both before and after tilt correction. Note: Localities are numbered according to Fig. 1 . Key as for Table 1 . * Two magnetic directions were measured first on nine, the second on eight samples. This locality is left out from the calculation of the overall-mean palaeomagnetic direction for the western segment as an outlier probably due to an undetected plunge, which could have been important for satisfactory tectonic correction.
( Table 3 and Fig. 10 ) and second for those with α 95 ≤ 16
• . The same test for the eastern segment, when executed mechanically for localities S15-S23 (Table 3) shows that the magnetizations were acquired close to the present position of the strata (Table 5 ). However, there is an alternative to the conservative approach. The strikingly different behaviour of the localities with normal and reversed polarities on tilt corrections (Figs 10e and f) suggests that the magnetizations for all localities were not acquired at the same time. Based on this assumption the data set for the eastern segment is divided and two overall-mean palaeomagnetic directions are calculated ( Table 5 ). The interesting aspect of the second approach is that the overall-mean palaeomagnetic direction based on the reversed polarity localities, after tilt corrections is statistically indistinguishable from the one calculated from the normal polarity localities, before tilt corrections (Table 5) . Among the reversed polarity localities there is one with α 95 > 16
• which, however, is essential for the nonmechanical approach. Fortunately, the examples of the western and central segments (Table 5 , overall-mean directions calculated with and without locality means where α 95 > 16
• ) suggest that locality mean palaeomagnetic directions with α 95 > 16
• are as useful in constraining the age of the remanence with respect to folding as the statistically better locality means.
Comparison of the overall-mean palaeomagnetic directions for the Magura nappe (magnetization was acquired close to the present position of the strata), for the western and central segments of the Silesian nappe (magnetization was acquired when the strata were practically horizontal) and for the eastern segment of the Silesian nappe (the mechanically executed fold test is negative, whereas the test carried out on reversed and normal polarity populations, respectively, is positive in the first and negative in the second case) suggests that the study area was involved in a CCW rotation after the Oligocene. For the western segment of the Silesian nappe the CCW rotation is larger than for the other segments or for the Magura nappe (Fig. 11) .
Discussion of the magnetic anisotropy results
The mechanism of deposition in flysch basins involves turbidite currents that release their loads in pulses. Therefore, in the same place, the coarser grains sink first, followed by finer and finer grained material. The resulting graded bedding is often observable macroscopically. In addition, palaeocurrent (direction of this can be measured at the bottom of sandstone beds with ripple-marks) orients elongated grains, resulting in lineation of sedimentary origin. Several AMS studies carried out on sandstone members of the flysch (western segment of the Outer Western Carpathians, e.g. Hrouda & Stráník 1985; Hrouda & Potfaj 1993; Stráník et al. 2007 ) documented good correlation between the directions of the palaeocurrent and AMS lineation. Nevertheless, the AMS fabric of the sandstones often revealed signs of weak ductile deformation. Between pulses of turbidity currents, fine-grained material (which is main target of this study) with dominant clay fraction is deposited in quiet water. Such material is expected to exhibit bedding parallel foliation without any lineation. During progressive deformation, the sedimentary fabric gradually changes so that in the end foliation perpendicular to the compression will be the dominant planar feature, and the lineation will be aligned with the direction of the extension.
The AMS fabric of the studied localities is, without exception, foliated. The foliation is typically bedding parallel. Exceptions are only two localities from the Magura nappe. AMS maxima, with the exception of seven localities from the Magura nappe, are well grouped at a locality level and are practically horizontal in the tectonic coordinate system. In map view, the lineation directions for the Magura nappe show no orientation trends. In contrast, the locality mean lineations for the Silesian nappe reveal a pattern. The first characteristic feature is that the lineation directions are fairly consistent within each of the three segments. The second is that the overall magnetic lineation directions calculated for the central and eastern segments separately are practically the same and are more or less E-W oriented (Fig. 12) . The lineations in the western segment are NE-SW oriented. The fairly good correspondence between the lineation direction and the strike of the host bed implies that the AMS lineations are of deformational origin (Figs 13 and 14) . Compared to AMS, the degree of AARM is somewhat higher. Among the localities studied for AARM there are some where the orientation of the AMS and AARM fabric is the same (Fig. 8, S16 , marl, degree of AARM varies between 7 and 16%) There are cases, where foliation planes are similarly oriented, but the lineation directions are different (Fig. 8, S13 , degree of AARM is between 16 and 24%) or the maxima are scattered (Fig. 8, S1 degree of AARM is between 8 and 12%). The remaining cases are either characterized by inclined (in the tectonic coordinate system) and poorly defined foliation plane with, scattered maxima (Fig. 8, S16 , silt, degree of AARM is between 3 and 6%) or by an altogether unoriented fabric (e.g. S5, degree of AARM anisotropy is 3-4%). The AARM experiments seem to indicate that the orientation of the fabric of the ferrimagnetic minerals may be different from that of the AMS fabric. The latter rarely exhibits the same degree of consistency in lineation directions than the former. This observations, corroborated with the weakness of the lineation (1-2% both AMS and AARM) must avert any suspicion concerning a possible bias from the ambient north of the palaeomagnetic vectors, due to waterflow or deformation.
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Integrated interpretation of palaeomagnetic, magnetic anisotropy, structural and sedimentological observations
The palaeomagnetic signals of post-folding age obtained for the Magura nappe significantly deviate from the direction of present Earth magnetic field at the sampling area. Thus they clearly indicate that the nappe rotated in CCW sense, most probably after the Early Miocene, which was the time of intensive folding. Although the Magura nappe was certainly not a tectonically rigid block, the somewhat scattered locality mean directions from this nappe (Fig. 9a) are still the best interpreted as evidences of an 'en bloc' rotation, for the differences between the locality mean directions are not only observable in declinations but also in inclinations.
Recent X-ray diffraction studies of illite-smectite suggest that the present day erosion surface of this nappe was previously buried under a thick sedimentary pile. The thickness of the eroded sedimentary pile for the Bílé Karpaty unit close the Pienniny Klippen Belt was estimated about 4-5 km (Bíl et al. 2004 ) and the temperature could reach 200
• C. The deep burial and the elevated temperature can account for the remagnetization of the magnetite, which, however, did not suffer chemical alteration. It is interesting to note that Swierczewska (2005) suggested that the thermal alteration of the flysch ended before emplacement into the present position. Consequently, if the emplacement was the time of the assumed orogenic bending, even the palaeomagnetic signal-of-postfolding age we obtained for the Magura nappe should reflect the bending, which is not the case (Fig. 9c and relevant discussion) .
The overall-mean palaeomagnetic directions calculated for the western, central and eastern segments, respectively, of the Silesian nappe also suggest large CCW rotations after the acquisition of the palaeomagnetic signals (Fig. 11) , which are similar in magnitude for the central and eastern segments to the angle observed for the Magura nappe, whereas it is larger for the western segment of the Silesian nappe.
Comparison of average AMS lineations calculated for the three segments of the Silesian nappe reveals a similar relationship. Namely, the central and eastern segments are characterized by practically identical average lineations whereas the western segment deviates from them in the same manner as the overall-mean palaeomagnetic vectors obtained for the three segments. (Fig. 15) . This situation is of key importance when the problem of post-Oligocene orogenic bending of the Silesian nappe (as suggested by Picha et al. 2005 or Mastella & Konon 2002 ) is addressed.
As Fig. 15 shows, both palaeomagnetic and AMS data sets suggest that the western segment of the Silesian nappe rotated in the CCW sense with respect to the central segment. At the same time, the mean AMS lineations are practically parallel for the central and eastern segments, and the same can be said for the overallmean palaeomagnetic directions. In the latter case, however, the younger acquisition age of the NRM for some or all localities (see in chapter 'Discussion of the palaeomagnetic results') from the eastern segment will require some consideration.
In plan view, the Silesian nappe is arcuate and the western and eastern segments both make similar angles with the central Table 5 . Summary of the overall palaeomagnetic directions for the Magura and Silesian nappes before and after tilt corrections.
In situ
Magura Equal angle projection, all vectors are pointing downwards (the palaeomagnetic directions of reversed polarity are plotted as normal). Numbers refer to Table 1. segment. As the average AMS lineations of this study do not reveal differences between the central and eastern segments it seems likely that the NE-SW trend of the lineations for the western segment is due to a different mechanism than bending. The palaeomagnetic results lead to the same conclusion, if the reversed and normal polarity palaeomagnetic directions are treated separately. In this case the overall-mean directions of pre-folding and post-folding ages, the one which is based on three reversed and the other on five normal polarity items (Table 5) In diagrams e and f the locality mean palaeomagnetic directions are plotted with their observed polarities (full squares-normal, hollow squares-reversed polarity). Numbers refer to Table 3. rotation of the eastern segment, the two data sets can be unified (see caption for Fig. 11 ). The excess CCW rotation, detected in both the palaeomagnetic and AMS results for the western segment of the Silesian nappe can be related to the left-lateral wrench corridor documented by the structural data (Fodor et al. 1995) . The left-lateral shear was earlier invoked as responsible for CCW rotations of small blocks in the Czech part of the Outer Carpathians. At this point it is interesting to note that basalts of Cretaceous age from the Silesian nappe, which were studied from the western and central segments of the Silesian nappe, also exhibited CCW rotation in the western segment relative to the central, and the authors concluded that the amount of rotation could not be explained 'solely by post-folding oroclinal bending' (Grabowski et al. 2006) . As it was earlier mentioned the conservative approach results in negative fold test for the eastern segment of the Magura nappe. Calculating with the post-folding age of the magnetizations, there are two roads open. The first is based on the assumption that the overall palaeomagnetic direction for the eastern segment is not relevant to the bending problem, since the palaeomagnetic signal was acquired after bending. In this case, the parallelism of the AMS lineations for the central and eastern segments becomes enigmatic. Moreover, the implication is that the bending took place before the final CCW rotation of the nappe, that is quite far from the southern margin of stable Europe. The other possibility is that although the palaeomagnetic signal is of post-folding age, it is still older than the postulated bending. In this case, we can return to conclusion of the previous paragraph.
The palaeomagnetic declinations for the central and eastern segments of the Silesian nappe agree perfectly with the overall palaeomagnetic declination for the Magura nappe, implying that the two nappes moved together after the Oligocene and the movement was accompanied by about 50
• CCW rotation. This result has two important implications. The first is that the CCW rotation of the nappes that accompanied the displacement of the flysch basins from SW to NE is not of Palaeogene age, as suggested by Ksiązkiewicz (1977) or Oszczypko and Oszczypko-Clowes (2006) , but of Miocene age. Comparison between overall-mean palaeomagnetic directions for the eastern, central and western segments of the Silesian nappe (SE, SC and SW, respectively), for the Magura nappe (M) and for the Central Carpathian flysch (P, Márton et al. 1999) . Stereographic projection, all vectors (with α 95 ) point downward (positive inclination). In all cases the palaeomagnetic directions with best k-statistics are plotted (Table 5) , except for the eastern segment of the Silesian nappe, which is represented by a palaeomagnetic direction (D = 313 • , I = 58 • , k = 49 and α 95 = 8 • ) calculated from locality mean directions after tilt corrections of the reversed polarity localities and before tilt corrections of the normal polarity localities.
The second is that the results from the Silesian nappe confirm that the change in the stress field orientation during the Miocene is not a CW far field stress rotation (Aleksandrowski 1985) but are due to CCW block rotations. Finally, it should be noted that the Oligocene Podhale flysch (Fig. 11) which is south of the Pienniny Klippen belt, that is belongs to ALCAPA yielded an overall palaeomagnetic direction which implies that the Western Outer and Inner Carpathians moved in a coordinated fashion after the Oligocene. In other words the Western Outer Carpathian flysch basins must have been situated in front of the moving ALCAPA and the timing of rotations in the two areas are related. On this assumption, the CCW rotation of the Western Outer Carpathian nappes most probably took place during two events, which are dated by palaeomagnetic and K/Ar isotope data from the North Hungarian Palaeogene basin (Márton & Pécskay 1998) as 18.5-17.5 Ma and 16-14.5 Ma, respectively. However, the Western Outer Carpathians and ALCAPA (the latter alone suffered disintegration as discussed by Márton & Fodor 2003) did not behave as a rigid block in the course of these displacements, as the angle of total Miocene rotation is larger, for example for the North Hungarian Palaeogene basin, than for the Podhale flysch or for the Western Outer Carpathians. The most likely explanation is that the area called ALCAPA and the frontal flysch basins were the sites of complicated tectonic processes, involving both accretion as well as extension during the Miocene.
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